Purpose: To describe the demographic characteristics, associated factors and causative agents of infectious keratitis in the elderly in a tertiary referral center in São Paulo, Brazil. Methods: A retrospective review of all patients aged 60 years and over with a presumptive diagnosis of infectious keratitis who had material collected for microbiological analysis, between the years 1975 and 2007 (32-year span). Results: From a total of 7,060 age-independent cases of microbial keratitis, 1,545 cases in the elderly were reviewed, which had a mean age of 71.0 ± 7.8 years, ranging from 60 to 101 years. There were 707 males (45.6%) and 838 females (54.3%). Associated factors were: past ocular surgery (25.1%), ocular trauma (7.2%) and contact lens use (3.0%). Bacterioscopy was positive in 40.5% of cases. Culture positivity for any agent was 53.5% (bacteria 47.0%, fungi 6.1%, Acanthamoeba 0.4%). The most frequent bacteria were the grampositive cocci (mostly coagulase-negative Staphylococci) and gram-negative bacilli (mostly the genera Pseudomonas, Moraxella and Proteus), while the most frequent fungi were the filamentous (mostly the genus Fusarium). Conclusions: This study represents a large series of microbial keratitis in the elderly in a single referral center. The most important factor associated with this condition in the elderly was past ocular surgery. The most frequent causative agents were bacteria, especially gram-positive cocci and gram-negative bacilli. 
INTRODUCTION

C
urrently, infectious keratitis still represents an important cause of preventable blindness and visual impairment in the world. According to the World Health Organization, the importance of corneal disease as a major cause of blindness worldwide remains second only to cataract (1) . Even though the diagnosis of infectious keratitis is usually presumptive and the treatment usually empirical, the laboratorial identification of the causative agent should always be pursued, in order to ensure a more specific treatment, to help guide eventual therapeutic modifications and to minimize any visual impairment due to a wrong or delayed diagnosis (2) . The incidence of different causative agents vary largely according to the geographical region, socioeconomic condition of the population and many individual factors such as contact lens use (3) (4) (5) , history of trauma (6) (7) or past ocular surgery (8) (9) (10) (11) (12) (13) , presence of comorbidities (14) (15) (16) , and age of the patient (17) , among many others. Several studies have been published regarding the epidemiologic aspects of infectious keratitis on the five continents, both in developed and developing countries (18) (19) (20) (21) (22) (23) (24) . Elderly patients are known to have several systemic and ocular peculiarities such as immunologic senescence, comorbidities, alteration of the lids and conjunctival flora, poor lacrimal drainage, fragility of the corneal epithelium, and reduction of corneal sensitivity, among others. These factors are responsible for a specific susceptibility to certain causative agents of microbial keratitis and the establishment of a more aggressive disease (25) . Epidemiological studies of keratitis in this age group are scarce in the literature (17, (26) (27) (28) (29) . Thus, the objective of this study was to describe the epidemiologic and microbiological findings of infectious keratitis in elderly patients in a referral Ophthalmology center in Brazil.
METHODS
A retrospective study was conducted in the Ophthalmology Department of the Federal University of São Paulo (UNIFESP). The records of all patients aged 60 years and older, who were seen between 1975 and 2007 and had a presumptive diagnosis of infectious keratitis and who had ocular material collected for microbiological evaluation were reviewed. The age limit of 60 years was chosen based on WHO criteria for "elderly" in developing countries (30) . The following data were recorded: age, gender, time of onset of the symptoms, history of ocular trauma, previous surgery, contact lens use or topical medication and results of microbiological tests (smears for cytology and bacterioscopy, cultures for bacteria, fungi and protozoa). Data were submitted to descriptive and statistical analysis using Pearson χ 2 test and software SPSS ® 16.0 for Windows ® . Statistical significance was accepted when P<0.05.
In this service, any material collected from corneal ulcers is routinely analyzed by Gram and Giemsa stainings (bacterioscopy and cytology, respectively) and incubated in the following media: blood agar, chocolate agar, Sabouraud agar (solid), brain heart infusion (BHI) and thioglycolate (liquid). When there is suspicion of Acanthamoeba infection, samples are placed in E. coli-enriched solid medium.
This study was approved by the local ethics committee, project number 1719/07.
RESULTS
From July, 1975 to September, 2007, there were 16,573 patients whose samples were sent to the Laboratory of Ocular Microbiology of UNIFESP for analysis, including corneal and conjunctival scrapings, aqueous and vitreous samples, secretions, contact lenses and other objects, among many others. Of these, 7,060 (42.6%) were from patients with a presumptive diagnosis of infectious keratitis and 1,545 (9.3%) were elderly patients with suspected keratitis.
The distribution according to age and gender is shown in figure 1. There were 838 females (54.2%) and 707 males (45.8%) with a female:male ratio of 1.18. Age varied from 60 to 101 years, with a mean age of 71.0 ± 7.8 years. The most prevalent age group was 60-69 years (46.9%) followed by 70-79 years (36.9%), 80-89 years (14.4%) and ≥ 90 years (1.6%).
The number of days between the onset of symptoms and the first laboratory analysis was also assessed. The mean was 17.6 ± 22.0 days, ranging from 1 day to several months, with a median of 8 days.
History of past ocular surgery was present in 388 patients (25.1%). History of ocular trauma was present in 112 patients (7.2%), including chemical burns. Of these, 49.1% had history of trauma from plant materials. Contact lens wear was present in 47 patients (3.0%).
Previous use of topical medication was present in 552 patients (35.7%). Of these, 424 (27.4%) were using antibiotic drops (alone or in combination with other drugs) and 36 (2.3%) were using antifungal drops. However, we do not have precise information regarding whether the medication had been suspended before the corneal scraping.
Smears were positive for microorganisms in 554 cases (35.8%). Cultures for bacteria were positive in 727 cases (47.0%). The total number of positive bacterial cultures was 860, due to polymicrobial infections. Cultures for fungi were positive in 94 cases (6.1%). Cultures for Acanthamoeba were performed in 57 patients. Of these, 7 had a positive culture (12.3% of suspected cases and 0.4% of total). Total culture positivity for any agent was 53.5%. Despite the diagnostic efforts, the remaining 46.5% of cases did not show any identifiable causative agent. Details from the microbiological profile are described in table 2. The temporal analysis, dividing the 32-year period into 5 sub-pe- riods with an equivalent number of patients, showed an increase in the frequency of gram-negative bacilli and a decrease in the frequency of gram-positive cocci from 1975-93 to 1994-98, followed by a relatively constant proportion of each bacterial type from 1999 onwards. The frequency of Corynebacterium sp increased from 0.7% to 11.1% in a gradual fashion over the whole time span of the study. Details of this analysis are found in figure 2 .
A comparison between this study and four other recent studies on infectious keratitis in the elderly (17, 26, (28) (29) was also performed, which is detailed in table 3. The largest sample size before this study with 1,545 patients was from Butler et al. (26) , with 190 patients. The prevalence of three important risk factors associated with microbial keratitis in the elderly, namely past ocular surgery, trauma and contact lens use, was somewhat conflicting among the studies. Culture positivity was only similar to that reported by van der Meulen et al. (29) (53.5% vs 54.5%) while smaller than in other studies. The proportions of isolated bacteria (47% to 64%) and fungi (0% to 32.7%) were also variable among the studies while that of Acanthamoeba keratitis was relatively constant (maximum of 1%).
DISCUSSION
Although this study represents so far the largest series of infectious (non-viral) keratitis in the elderly at a single referral center, it has some limitations: the ones intrinsic to the retrospective design, the absence of rigid inclusion/exclusion criteria (all cases that underwent corneal scraping with the presumptive diagnosis of infectious keratitis were included in the database) and incomplete data (especially in the early years). Still, its importance relies on the fact that it represents an experience of 32 years in the management of infectious keratitis in the elderly at a single referral center.
DEMOGRAPHIC FEATURES
Unlike other studies on keratitis in the elderly (17, 26, (28) (29) , females made up the majority in our sample. Probably due to the greater number of subjects in this study, this female preponderance reflects a general demographic tendency in the elderly (31) . Figure 1 illustrates that while males were the majority in the age group of 60 to 69 years, females were the majority in all age groups above 69 years, probably because of the higher life expectancy of the latter (31) . There does not seem to be any increased susceptibility to microbial keratitis in either gender.
PREDISPOSING FACTORS
The considerable prevalence of past ocular surgery (25.1%) in this study is in accordance with previous studies on the elderly (17, 26, 28) . The prevalence of this predisposing factor in recent age-independent series of infectious keratitis varied from 11 to 17% (32) (33) (34) (35) , suggesting that such variable is more frequent in the elderly.
Penetrating keratoplasty and cataract surgery together occurred in 80% of all cases with previous ocular surgery. Over half (66.2%) of the patients had undergone surgery more than two months before the onset of keratitis and only 7.9% fifteen days before, suggesting that chronic changes induced by the surgery could be more relevant risk factors than early postoperative conditions. Moreover, the regular use of antibiotic prophylaxis by recently operated patients certainly reduces the incidence of infectious keratitis in such cases (36) (37) . On the other hand, these numbers may be partially explained by the accumulated number of cases with past ocular surgery over time that might not have had any relation at all with keratitis at the time of diagnosis. In fact, when matching patients with Acanthamoeba species 7 *= total number of cultured bacteria **= percentages are based on the total number of cases with positive cultures for bacteria (727). Total is greater than 100% because of polymicrobial infections † = total number of cultured fungi † † = as there were no polymicrobial fungal infections, total is 100% ‡ = total number of cultured Acanthamoeba species any previous surgery versus culture-positive cases (for bacteria or fungi), there was no significant statistical correlation, but a trend (OR=1.21, P=0.097). However, when the analysis was performed considering only keratoplasty cases, the correlation was more evident (OR=1.36, P=0.05). Penetrating keratoplasty may be considered a potentially hazardous procedure on a long-term basis due to several factors that could lead to infectious keratitis: chronic surface alterations such as irregular tear film distribution, corneal hypoesthesia and punctate keratitis, graft failure with secondary epithelial defects, and loose and torn sutures, among others (8) (9) . The high prevalence of cataract surgery is probably due to it being the most performed ocular surgery during the study period, and not due to a specific risk factor induced by the surgery itself. In fact, there was no statistical correlation between cataractoperated patients and culture positivity (P=0.45).
The prevalence of ocular trauma varied considerably among the studies on the elderly, from 3.7 to 43.6% (17, 26, (28) (29) , but was relatively constant in the age-independent series, ranging from 16 to 26.6% (32) (33) (34) (35) . Contact lens wear was found in only 3.0% of cases, like the already mentioned studies with the exception of van der Meulen et al. (29) , which found 13.0%. In the age-independent studies already mentioned, the rate of contact lens wear varied from 3.2 to 44.3%. As discussed by Butler et al. (26) , the elderly differ from younger age groups in types of predisposing factors. Contact lens wear and ocular trauma are much more frequent in adults, while previous ocular surgery and pre-existing diseases (ocular or systemic) play a substantial role in the elderly.
Considering the more recognized predisposing factors for infectious keratitis (33) -ocular surgery, trauma and contact lens wear -around one-third of patients (35.3%) in our study presented with either of these conditions. Many other systemic or ocular diseases may also predispose to infectious keratitis, though this information was underestimated in our series due to incomplete data. Analyzing the time of symptoms before the patient had the first laboratory analysis, 50% had up to 8 days of history, reflecting the acute course of most cases of microbial keratitis, especially bacterial. Only 40.3% of patients came between 8 and 30 days after onset of symptoms and 12.0% after 30 days, which is considered extremely late and may impair irreversibly the possibilities of treatment. Besides, some patients only appeared at the referral service for a more complex diagnostic approach after having gone through other doctors and sometimes were already under antibiotic treatment.
MICROBIOLOGY
Culture positivity in this series was lower compared to three other studies on the elderly (17, 26, 28) and similar to one study (29) . This may be due to the greater number of cases in this study or an underestimation of the number of previously treated patients at the time of corneal scraping. It was difficult to determine if the previous use of antimicrobial medication had any impact on culture positivity, because we did not have the information on whether or not medication had been suspended before the scrapings, and for how many days.
Among the bacteria isolated, Gram-positive cocci continue to be the most frequent agent, with a similar rate compared to the other studies in both elderly and age-independent series (17, 20, 26, (28) (29) (32) (33) (34) (35) (38) (39) (40) (41) (42) (43) . The incidence of Gram-negative bacilli was a little higher, which could be explained by geographical variation in the microbial flora of our patients (2, (14) (15) 44) . The temporal analysis showed from 1975-93 to 1994-98 an increase in the frequency of gram-negative bacilli and a decrease in the frequency of gram-positive cocci, which from 1999 onwards remained stable. There does not seem to be a rational explanation for this fact, even though the first period of 1975 to 1993 contributed little to the whole sample due to administrative issues and insufficient notification at the time. The increasing incidence of Corynebacterium sp over the years was somewhat surprising and was probably due to improvements in microbiological techniques for the isolation of said bacteria.
The percentage of fungal keratitis was the most conflicting between the studies, ranging from 0% to 32.7% (17, 26, (28) (29) . Parmar et al. (17) showed the highest prevalence of fungal infection in both the elderly (32.7%) and the non-elderly control group (39.9%). In a large series of age-independent in- fectious keratitis from the same group and hospital (24) , the prevalence of fungal infection was 56.1%. This was probably because of the great proportion of inhabitants from rural areas seen on that service. In urban centers, as in our study and the Australian and the Dutch studies (26, 29) , the prevalence of fungal agents seems to be around 0 to 7%. The prevalence of keratitis by Acanthamoeba seems to follow a constant rate in this age group, up to 1% (17, 26, (28) (29) .
CONCLUSIONS
Females comprised the majority in our series. Among the predisposing factors, previous ocular surgery seemed to be the most important in the elderly (pre-existing ocular diseases were not evaluated in this study), with penetrating keratoplasty being the most associated with culture positivity. Ocular trauma and contact lens wear were not as important in the elderly as in the younger adult population.
The most prevalent causative agents in this series were the gram-positive cocci (Staphylococcus and Streptococcus species) and the gram-negative bacilli (especially Pseudomonas, Moraxella and Proteus species). The prevalence of fungal and Acanthamoeba infections in the elderly seemed to follow the trends in urban centers. Despite the efforts, in almost half of the cases it was not possible to identify the causative agent of keratitis, thus emphasizing the importance of clinical judgment and empirical treatment in this threatening condition.
Prospectively, the increased availability of molecular techniques such as polymerase chain reaction (PCR) for the diagnosis of ocular infections will allow a better diagnosis and management of previously culture-negative cases, due to the high accuracy of these tests.
